Demand for lignite-energy resources for the producper are to (1) present the model used in estimating detion of fuel for generating electrical power in Texas has velopment impacts, (2) provide estimates of business increased significantly as a result of dramatic real price activity (sales), income, and employment for the priincreases in the more traditional fuels, such as natural vate sector, and (3) analyze net present values for costs gas and crude petroleum (Kaiser). Rapid energy reand benefits accruing to the public sector as a result of source development has been shown to cause probdevelopment. Both temporal and spatial estimates are lems for the public sector in providing local services provided in that the model provides estimates at the reduring the development stage as well as to place ingional, county, municipal, and school district levels for creased pressures on the private sector (Leholm, Leisthe forecast period. triz, and Hertsgaard). Coal developments in the western states have had a profound impact on the abilities of REGIONAL ECONOMIC AND both private and public decision-makers to plan for this DEMOGRAPHIC MODEL type of development (Krutilla, Fisher, and Rice). The impacts of these developments are expected to occur
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The traditional approach to regional impact analysis primarily in rural areas and to have significant effects has been one in which estimates from input-output on many relatively small Texas communities. For many on many relatively small Texas communities. For many models have been used in a separate analysis to derive communities, such developments are likely to lead to economic and population projections. Developmental significant economic and demographic growth and, impacts, however, should not be based solely on the therefore, the need for increases in public and private economic structure of a region, but should also incorsector services.~~s ector services,~~. ~porate demographic characteristics as well as the ecoOne problem associated with public sector impacts nomic-demographic interface. This model incorporates has been the manner in which revenues and costs have economic demands associated with development the economic demands associated with development been distributed in both spatial and temporal dimenwith demographic factors to achieve an economic-desions. Additions to the tax base in terms of plant, mographic equilibrium in both spatial and temporal diequipment, and associated facilities takes place in the mensions. The general model is composed of five more sparsely populated rural areas, while additional components: (1) an input-output module, (2) a demopublic sector services are placed on nearby populated pc mo (1 ) an economic-demographic intercenters. This situation has led to budgetary deficits in a module, () a grait mode and a ica face module, (4) a gravity module, and (5) a fiscalthe populated centers and surpluses in the sparsely impact module. populated rural areas. Expenditure functions for power plants and associated mines during the construction period are highly skewed. This variation in expendiInput-Output Module tures during the construction period places increased risk on both private and public decision-makers in al-
The regional input-output module estimates base-line locating resources in an efficient manner because of economic activity and projects economic activity over insufficient information concerning the short-run and the forecast period. Input-output analysis requires the long-run implications of lignite-energy resource deestimation of the transactions, technical coefficients, velopment.
and interdependence coefficients matrices. The transThis paper presents estimates of the economic and actions matrix can be represented as: fiscal impacts associated with the construction and operation of five lignite-energy generating stations and This matrix exhibits the interstructure of the regional Leon, Madison, Robertson, and Washington) located economy in terms of sales and purchases. The transwithin a major near-surface lignite belt. Economic and actions matrix is read row-by-row to obtain total sales fiscal impact projections are provided for a 23-year by the processing sectors, and the columns represent planning period the processing sectors, and Yi represents sales to final is the final demand vector and X is the total output vector. Solving for Y results in the system being exital formation, inventory change, and exports. Trend pressed as Y = (I -A)X, where A is the technical analysis (with time as the independent variable) based coefficients matrix. Solving this system for total outon data for 1958-77 was used to project expected baseput results in X = (I -A)-. This specification proline finaldemand(Andrewsetal.)forthe26economic vides the means for determining the level of individual sectors. sector outputs (xi) for a given level of final demand (Yi).
The traditional utilities sector within the Texas model The (I-A)-matrix contains the coefficients that rewas found to be inadequate in modeling the impact of late one sector to another and is referred to as the indevelopment during the operational phase since the terdependence coefficients matrix.
major source of fuel historically has been petroleum. The regional input-output module was developed
To measure the economic impacts of electrical profrom the Texas Input-Output model for 1972 (Grubb) duction from lignite-fired utilities, a separate ligniteusing a location-quotient approach (Mustafa and Jones) based mine-mouth-located utilities sector was develand is composed of 26 endogenous sectors. The locaoped (Andrews et al. p. 53) . Annual expenditures for tion-quotient approach is a procedure for comparing the th contract construction, retail trade, and household relative importance of an industry (sector) in a given (labor) sectors were inputed into final demand vectors. area to its relative importance within a subregion of this Thus, the construction-phase final demand vectors same area. This procedure regionalizes the technical contain the injection of new expenditures into the recoefficients matrix of the Texas model to account for gional economy. These estimated increases in final dethe unique regional production characteristics of the mand over the forecast period are the basis for Brazos Valley Economy. The definition of the locaestimating the direct, indirect, and induced project imtion quotient is as follows:
pacts. The regional input-output module developed suffers (5) LQ1 = from the same limitations as traditional modules of this X i /X type: (1) no joint output, (2) linear production functions, and (3) temporally fixed coefficients. A shortwhere Zi represents Brazos output for industry i, Z is coming of this module is that static coefficients are used total Brazos output for all industries, Xi is Texas outin analyzing the impact of a new industry. However, put for industry i, and X represents total Texas output efforts were made to obtain representative coefficients for all industries. Estimated location-quotient values for the lignite power industry. for each of the economic sectors used in analyzing the Brazos Valley Economy are given in Table 1 . Eco-
Module nomic activity in the input-output analysis is induced by the magnitude of final demand under either base-
The demographic module used in this analysis was line (without development) or impact (with developdeveloped specifically for lignite-energy impact asment) conditions. That is, base-line economic activity sessment (Murdock et al.) in that the skill levels reis based on historical observations and provides the exquired for employment in power plant construction, pected trend in final demand for the economy without operation, and lignite mining are evaluated for the baselignite development, whereas the lignite project activline (indigenous) population. This module uses the coities are considered in a comparative analysis of final hort-survival method of population projection, which demand. Final demand in this model is composed of consists of applying a set of historically averaged birth, government purchases (federal, state, and local), capmigration, and survival rates to a set of base-line pop-ulation data for a forecast period to estimate populamigration through a comparison of employment retion levels throughout the period. The module quirements based on the input-output module with the determines the mechanisms available to increase or available workers and skill types from the demodecrease the initial population level. This logic is shown graphic module. If this comparison indicates that by use of the basis population equation: available workers exceed required workers by a specified parameter (13 percent), out-migration will occur. (6) Pt+ 1 = P + B-D +M If the number required exceeds the number available, in-migration takes place. where Pt+ is population stock one period in the future for a given geographic area, Pt is population stock in Economic-Demographic Interface Module the initial period, B represents births between time points t and t + 1, D represents deaths between time An economic-demographic interface module propoints t and t + 1, and M is net flow of migrants (plus vides the connective link between the input-output and or minus) between time points t and t + 1.
demographic modules. The input-output module proRather than utilizing total population figures, this vides projections of the required work force, and the method employs a set of age-sex cohorts, with mordemographic module provides projections of the availtality, migration, and fertility rates specific to each coable labor force by skill type. The interface module hort. These cohort rates for the projected period are provides the computational mechanism for synchroapplied to the population in each cohort to determine nizing these projections through time to determine emthe future population for any geographical area and ployment equilibrium based on quantity adjustment projection period. The procedure is estimated in the rather than price adjustment. Therefore, the supply of following manner:
labor is assumed infinitely elastic at the market wage rate. This is more likely to be the case in rural econ- (7) Pci, t + = Pci,t -PciB -PciD + PciMl omies that have been experiencing out-migration on a historical basis. where the subscript Ci represents cohort i, with other
Computations are provided for (1) projections of the variables being defined as in (6). The total population number of persons available for each of several disis obtained by summing for all cohorts:
tinct types of base-line and project-related employment and (2) projections of the number of workers by N age and sex that must in-migrate to or out-migrate from (8) Pt+,= E Pci, t+ the Brazos Economy to achieve employment equilibrium. The interface model is applied at the county level In deriving factors for this module, adjustments for and is operational for both base-line and project-dethe geographical unit, data limitations, and other feavelopment sequences. tures unique to the estimation process were implemented. Seventy-five single-year-age cohorts were Gravity Module used for each sex. The initial population in each cohort for each county was based on 5-year age-sex cohorts
Residential settlement patterns for project-related inderived from U.S. Census estimates (Irwin) . Each 5-migrants and their dependents ar determined by use year age-sex cohort was disaggregated into five 1-year of a gaity mue (Richardson) . This module ascohorts of equal size. This disaggregation procedure sues that in-migants are attracted to population cenwas necessary because 1-year cohort projections were ters in direct proportion to population size, but inversely not available.
to the distance of the population center relative to the County age-specific fertility rates were derived from project employment site. Employment was substituted birth data by age of mother for counties included in the in the module because employment by specific catestudy area. To compensate for probable changes in fer gory type (base-line construction, operational and intility trends, county fertility rates were adjusted (projdirect) i more appropriate than total population values. ected national trends) by a ratio of the 1970 county ageThe various types s are assumed to be atspecific fertility rates to equivalent national rates. The tracted to those areas that contain a greater number of application of this ratio to projected rates for subsetheir occupational type. quent periods for the nation yielded esIn-migrants are distributed to municipalities whenquent periods for the nation yielded esever required employment in a given skill classificatimated county rates (U.S. Bureau of the Census).
ever required employment in a given skill classificatimated county rates (U.S. Bureau ofor the age-sex co-us). tion for the region is greater than the available labor The measure of mortality used for the age-sex coforce within the classification. The form of the module horts consists of 75 statewide survival rates for each sex classification. The form of the module derived from the life table functions for 1969-71 for Texas (National Center for Health Statistics). Because (g) Ei of data limitations and the minor change in state mora tality rates over time, state rates were assumed repre-D sentative for counties across all projection periods. M = Migration rates for the working-age population (65 N E. or less) are determined through the economic-demoa graphic interface. The interface procedure determines i = Di where M i is the fraction of total in-migrants locating in Table 2 . ability of these municipalities to absorb in-migrants at prevailing housing prices is assumed. In-migrants are all stations was set at five years. One facility began their not allowed to settle in other than incorporated areas. operation in 1982, another in 1984, another in 1986, and two in 1985.
Fiscal Impact Module
Results of Economic Impact Analysis The impact of energy project development on the financial position of the public sector is estimated by acEconomic impacts were investigated for regional, counting for development impacts on public sector county, and municipal jurisdictions. The regional revenues and costs (Leholm, Leistritz, and Herts- analysis presents projections of business activity and gaard). The net fiscal balance for the public sector repersonal income for base-line and project developsulting from energy project development is defined as ment, and the county and municipal analyses present additional public revenues minus additional public costs estimates of employment resulting from project develfor a given accounting period.
opment. Public sector revenues and costs as a result of in-migrations of project-associated workers are estimated for Regional Analysis. The economic analysis for the counties, municipalities, and school districts, assumregional economy provides projections of base-line and ing a constant per capita cost function (Table 2) . Posproject business activity and personal income in 1972 itive net fiscal balances indicate that additional revenues dollars for the entire seven-county region. Total busiare greater than additional costs, and a negative net fisness activity resulting from project development incal balance indicates the reverse. Local revenue items creases from $987,000 in 1977 to $197 million in 1999. included in the model are (1) ad valorem property taxes, Business activity in constant dollars for the entire pro-(2) user fees, (3) special assessments, and (4) -1975 1980 1985 1990 1995 2000 sumed at 7 percent. Summation of revenue and expenditure items for each governmental input produces a net Figure 1 . Business Activity Projections for Brazos fiscal balance for the forecast period. Property tax rates Valley Economy used in assessing income from project-induced development are based on regional averages. These regional ad valorem tax rates for counties, municipalities, and Jewett, Marquez, Bremond, Franklin, and Hearne) school districts were 2.5, 2.9, and 3.1 mills, respecwere included in the analysis. Employment impacts tively. were minimal for Burleson, Madison, and Washing-
The financial impacts of lignite development over ton counties since the lignite power plants and assothe 23-year planning horizon were estimated using net ciated mines simulated were located in other counties. present value analysis. Net cash flows relevant for this These counties also contained no major population analysis are the annual net fiscal balances for each centers and therefore attracted few project-related governmental jurisdiction obtained from the fiscal imworkers. Brazos County receives the greatest employpact module. Just as the private investor considers an ment impact, while Grimes County receives the least investment criteria when reviewing alternatives availof those counties presented.
able for his financial resources, so should decisionProject employments for Brazos, Grimes, Leon, and makers in the public sector. The method for discountRobertson counties increase rapidly from 1977 to the ing future cash flows is: mid-1980s. Employment impacts for Brazos County and its municipalities (Figure 2 ) increases from less than (10) V = Pn (l + i) -n 100 workers in 1977 to 1,650 workers in 1987, at which point employment stabilizes for the remainder of the Where Vo is the present value of the series of returns, projection period. The employment pattern for Brazos Pn is the return for each conversion period County is typical of other counties in this analysis. Im-(n = 0,1,2,3,.. N), and i is the discount rate. After pact employment for Grimes County reaches a peak of careful consideration, a discount rate of 10 percent was 115 workers in the mid-1980s. Project employment for specified. While municipalities can usually borrow funds at rates lower than the private sector due to tax considerations, it was deemed appropriate to specify a discount rate that equalled the return required in the 1750 private sector. The net present value for the sum of all o x-x--x-x-Bx-xa-X-X-oXgovernmental entities was 16.29 million dollars (Ta- velopment are more than adequate in providing reve-0 --..
nue for covering the demands for public services at the 1975 1980 1985 1990 1995 2000 county level resulting from project development. The major factors accounting for these highly favorable while lignite development increases the number of jobs available in these communities initially, it does not provide for a continuing upward trend in long-run em-$598,000 for Brazos County to a high of $6.18 million ployment. for Robertson County. Brazos County received a negLignite development proves to be a highly attractive ative present value because it receives the major porregional investment, especially to the private sector. tion of project-related in-migrants, therefore incurring
The present value of project-induced income to the pricosts associated with providing public services for this vate sector of the regional economy, assuming a 10 added population. Brazos County, however, has no percent discount rate, was approximately $605 million lignite projects located within its boundaries; thus, it (current dollars). The fiscal impact analysis for the receives minimal additions to its tax base. public sector (counties, municipalities, and school disMunicipal Analysis. Present values at the municipal tricts) resulted in a present value of approximately $16 level indicate that the impacts of development are negmillion (current dollars). Summation of the present ative for all municipalities considered with one excepvalues for the private and public sectors yields a net tion (Table 3) . Present values range from a low of present value to the regional economy of approxinegative $525,000 for College Station to a high of mately $621 million. $1.93 million for Navasota. The impact on Navasota Fiscal impacts for the governmental components is positive as a result of impact payments from the pubwithin the regional economy are more variable, being licly owned project located within Grimes County; more favorable for counties and school districts than otherwise, this municipality would also experience a for municipalities. Specific fiscal impacts are of a negative fiscal impact. complex nature, depending upon the project location, Negative present values result for municipalities due tax status, and expected population impacts as a result to a lack of tax revenue from lignite project developof in-migration. All public entities that receive revement. The lignite facilities are located within the nue from taxable and nontaxable projects experience boundaries of counties and school districts, but outside positive fiscal balance. However, governmental jurismunicipal boundaries. Municipalities, however, redictions not receiving revenues from projects suffered ceive the population impact as a result of developnegative fiscal impacts. ment. Demands for greater public services are exerted While the aggregate fiscal impact is positive for the at the municipal level. Negative present values at the region as a whole, the problem of negative fiscal immunicipal level are indicative of an unacceptable pubpact for some components must be considered. The lic investment. The aggregate present value for muniproblem is not one of inadequate total revenue (efficipalities is $408,000, which indicates a marginal ciency), but rather a distributional (equity) problem. investment at this jurisdictional level.
Use of the ad valorem tax mechanism to increase revenue to those governmental units adversely impacted School District Analysis would be inefficient and, therefore, inappropriate for this problem. The use of this mechanism is inefficient Present values for school districts range from a low since the additional (marginal) tax revenue generated of negative $1.19 million for College Station to a high based on the present tax system is greater than the ad-ditional (marginal) public service cost. The problem is
Only private benefits and costs were considered in one of spatial distribution rather than insufficient funds assessing the impact of lignite development for the generated to the public sector. Equity questions have Brazos Valley economy. Environmental impacts were always been a dilemma due to the value judgments that not evaluated; therefore, these estimates are unadmust be imposed. However, a redistribution of funds justed for possible social costs, such as pollution. Adfrom governmental entities where the revenue-generditional problems and short comings in modeling and ating projects are located but which receive minor imimpacts of lignite development have already been dispacts to those areas that are adversely impacted should cussed. Data problems usually exist in any modeling be considered. A regional economic impact assesseffort below the state level. The estimates in this study ment district that would evaluate impacts on a regional are based on a static open input-output model, which basis rather than the present system based on jurisdicis a limitation because the study attempts to model the tional boundaries is one alternative.
impacts of a new industry over time.
